1. Introduction
===============

The increasing prevalence of overweight children is regarded as a critical public health concern worldwide.^\[[@R1],[@R2]\]^ The issue of obesity in children is alarming and widespread, and is a condition that is costly and difficult to treat.^\[[@R3]--[@R5]\]^ Study conducted by Rowland et al suggested that physical activity, sedentary behaviors, and dietary modes are key variables that are correlated with childhood obesity.^\[[@R6]\]^ Further, overweight children were associated with greater risk of cardiometabolic disease and other chronic diseases in later life.^\[[@R7]--[@R10]\]^ Therefore, educational interventions focused on health habits in multiple levels, including individual, family, school, and community, are ideal tools to promote health and prevent obesity as they offer an optimal environment and cost effective as large-scale interventions with the potential to induce healthy behaviors in children.^\[[@R11]\]^

Currently, the studies focused on making the food balance sheets more healthier, and increasing physical activity to reduce obesity were associated with the energy content of diet and sedentary lifestyle.^\[[@R12],[@R13]\]^ Educational interventions are regarded as a key tool to prevent being overweight and obesity, and health education might have positively influence behaviors and health in childhood. A comprehensive systematic review with meta-analysis based on randomized controlled trials (RCTs) to evaluate the effects of educational interventions to prevent and treat childhood obesity, and the interventions included behavioral modification, nutrition, and physical activity.^\[[@R14]\]^ The results revealed educational interventions significantly reduced body mass index (BMI) in obesity children, but there is weak evidence to support long-term effect on preventing childhood obesity. However, potential confounders were not considered in the study by Sbruzzi et al, such as mean age of children and duration of follow-up. Moreover, the study might suffer considerable publication bias, since several recently published trials were not retrieved, we attempted to overcome these limitations by including health data from numerous diverse studies to provide the effects of educational interventions in children, which could summarize the results of the studies with same purpose and exact assess the preventive effect of educational interventions in children.

2. Methods
==========

2.1. Search strategy
--------------------

This systematic review with meta-analysis has been conducted according to The Preferred Reporting Items for Systematic Reviews and Meta-analysis Statement issued in 2009, the Cochrane Handbook versions 5.1.0 and the Center for Reviews and Dissemination (CRD) guidance for undertaking reviews in health care.^\[[@R15]--[@R17]\]^ RCT trials that focused in this meta-analysis. The electronic databases PubMed, Embase, and the Cochrane Library were systematically searched to identify relevant trials published on the topic so far until April 2018 were included. The core terms used in the search query are listed as follows: ("child" OR "school" OR "student") AND ("education" OR "early intervention" OR "health education" OR "school health services" OR "child health services" OR "community health planning" OR "primary health care" OR "health behavior" OR "child nutrition sciences" OR "child nutrition disorders" OR "food habits" OR "nutrition assessment" OR "diet" OR "diet therapy") AND "human" AND "English." Further, ongoing trials were also searched from the metaRegister of Controlled Trials and [www.clinicaltrial.gov](http://www.clinicaltrial.gov/) listing completed trials that had not yet been published, while no relevant trials were identified. Finally, manual searches of the reference lists within the studies on same topic were conducted in order to identify additional eligible trials.

2.2. Selection criteria
-----------------------

The literature search was independently undertaken by 2 authors using a standardized approach. Any inconsistencies were resolved by discussion with the first author, until consensus was reached. We excluded studies that were not published as full reports, including conference abstracts and letters to editors. In order to minimize confounding variables or biases, we restricted our study design to RCTs only and excluded observational studies. A study was considered eligible for inclusion if the following criteria were met: the study had an clustered RCT design; all of participants were children; the study compared the effects of educational interventions to those of usual health programs; the study had a sample size greater than 100 to ensure the reliability of pooled results; and the study reported at least one of the following outcomes: BMI, BMI z-score, waist circumference (WC), triceps skinfold, waist-to-hip ratio (WTHR), systolic blood pressure (SBP), diastolic blood pressure (DBP), low-density lipoprotein (LDL), high-density lipoprotein (HDL), total cholesterol (TC), and triglyceride (TG).

2.3. Data collection
--------------------

A standard protocol was adopted independently by 2 authors to extract the data from all included trials, and any inconsistencies were resolved by group discussion. The collected data included first author\'s surname, publication year, country, sample size, mean age, intervention populations, intervention, controls, duration of follow-up, and outcomes variables (BMI, BMI z-score, WC, triceps skinfold, WTHR, SBP, DBP, LDL, HDL, TC, and TG).

2.4. Quality assessment
-----------------------

The quality of included trials was evaluated using the Jadad score, which is quite comprehensive and has been partially validated for evaluating the quality of RCT in meta-analysis.^\[[@R18]\]^ The Jadad score is based on the following subscales: randomization (0 or 1), concealment of treatment allocation (0 or 1), blinding (0 or 1), completeness of follow-up (0 or 1), and use of intention-to-treat analysis (0 or 1). A "score system" ranged 0 to 5 has been developed for assessment, and we considered a study with a score of 4 or greater to be of high quality.

2.5. Statistical analysis
-------------------------

The investigated outcomes were extracted from each trial to calculate weighted mean difference (WMD) and 95% confidence intervals (CIs) based on mean, standard deviation, and sample size in each group. The pooled WMD between educational interventions and usual health programs was compared using fixed effects and random effects models respectively, and the results of the random effects model are presented due to it assume the true underlying effect varies among included trials.^\[[@R19],[@R20]\]^

The DerSimonian and Laird weighting in random effects model was applied to account for study heterogeneity, and heterogeneity was investigated using the *I*^2^ and Q statistic, and we considered *P* values \<.10 as indicative of significant heterogeneity.^\[[@R21]--[@R23]\]^*P* value for heterogeneity between subgroups was calculated by using Chi-square test and meta-regression to explore the source of heterogeneity.^\[[@R24]\]^ Subgroup analyses were conducted for BMI, BMI z-score, WC, triceps skinfold, DBP, SBP, HDL, and TC based on mean age and duration of follow-up periods. Sensitivity analyses were performed by removing each trial from the overall analysis to evaluate the impact of a single study.^\[[@R25]\]^ The publication bias for BMI, BMI z-score, WC, triceps skinfold, WTHR, SBP, DBP, LDL, HDL, TC, and TG were statistically evaluated using funnel plots, Egger^\[[@R26]\]^ and Begg tests,^\[[@R27]\]^ and significant level were regarded as 0.10. The *P* values for pooled results were 2-sided, and *P* \< .05 was regarded as statistically significant for all included studies. Statistical analyses were performed using Stata version 10.0 (StataCorp LP, College Station, TX).

3. Results
==========

3.1. Literature search
----------------------

The initial electronic searches produced 26,453 records, of which 26,224 results were excluded following the initial review. A total of 229 potentially eligible studies were retrieved and reviewed, and after detailed evaluations, 30 RCTs were selected for the final meta-analysis.^\[[@R28]--[@R57]\]^ The results of study-selection process are shown in Fig. [1](#F1){ref-type="fig"}. A manual search of the reference lists in these studies did not yield any new eligible studies. The general characteristics of the included studies are presented in Table [1](#T1){ref-type="table"}.

![Flow diagram of the literature search and studies selection process.](medi-97-e11849-g001){#F1}
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Baseline characteristic of studies included in the systematic review and meta-analysis.
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3.2. Study characteristics
--------------------------

Of the included trials, 17 were conducted in Europe,^\[[@R28],[@R29],[@R32]--[@R36],[@R40],[@R43],[@R45],[@R48],[@R49],[@R51],[@R53]--[@R57]\]^ 11 were conducted in America,^\[[@R31],[@R34],[@R37],[@R38],[@R41],[@R42],[@R44],[@R46],[@R47],[@R50],[@R52]\]^ and 2 were conducted in multicountries.^\[[@R30],[@R39]\]^ Further, the included trials involved 35,296 children with 221 to 5106 per trial, the mean age of the participants ranged from 2.5 to 11.8 years, and the duration of follow-up periods was 6.0 to 72.0 months. Study quality was evaluated using the Jadad scale, and the results are presented in Supplemental 1. Overall, 2 trials had a score of 5,^\[[@R39],[@R55]\]^ 7 trials had a score of 4,^\[[@R29],[@R32],[@R43],[@R46],[@R50],[@R52],[@R54]\]^ 7 trials had a score of 3,^\[[@R36],[@R37],[@R42],[@R44],[@R45],[@R48],[@R56]\]^ 6 trials had a score of 2,^\[[@R30],[@R33],[@R41],[@R51],[@R53],[@R57]\]^ 6 trials had a score of 1,^\[[@R28],[@R34],[@R35],[@R38],[@R47],[@R49]\]^ and the remaining 2 trials had a score of 0.^\[[@R31],[@R40]\]^

3.3. Body mass index
--------------------

Data on the effect of educational interventions on BMI were available in 22 trials, and the individual results are presented in Supplemental 2. Children who received educational interventions was found to have lower BMI after pooling included trials (WMD: −0.15; 95% CI: −0.24 to −0.05; *P* = .003; Fig. [2](#F2){ref-type="fig"}). However, substantial heterogeneity was observed among included trials (*I*^2^ = 99.5%; *P* \< .001). Sensitivity analysis indicated the conclusion was not affected by the exclusion of any specific study. Further, heterogeneity between subgroups was statistically significant for mean age and duration of follow-up periods (Table [2](#T2){ref-type="table"}). Subgroup analysis indicated that educational interventions significantly reduced the BMI if the mean age of children was greater than 8 years (WMD: −0.08; 95% CI: −0.13 to −0.03; *P* = .004; Table [2](#T2){ref-type="table"}).

![Effect of educational interventions on body mass index (BMI).](medi-97-e11849-g003){#F2}

###### 

Subgroup analyses.
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3.4. Body mass index z-score
----------------------------

Data on the effect of educational interventions on BMI z-score were available in 12 trials, and individual results are presented in Supplemental 2. Educational interventions were found to be associated with a reduction in BMI z-score (WMD: −0.03; 95% CI: −0.05 to −0.02; *P* \< .001; Fig. [3](#F3){ref-type="fig"}). However, substantial heterogeneity was observed (*I*^2^ = 98.9%; *P* \< .001). Sequential exclusion of individual trials did not affect the conclusions. Further, heterogeneity between subgroups was statistically significant for mean age and duration of follow-up periods (Table [2](#T2){ref-type="table"}). Subgroup analysis indicated that educational interventions was not affect the BMI z-score if the mean age of participants was less than 8 years (WMD: −0.03; 95% CI: −0.11 to 0.04; *P* = .386; Table [2](#T2){ref-type="table"}), while significant differences were observed in other subsets.

![Effect of educational interventions on body mass index (BMI)-z score.](medi-97-e11849-g005){#F3}

3.5. Waist circumference
------------------------

Data on the effect of educational interventions on WC were available in 8 trials, and individual results are presented in Supplemental 2. Educational interventions in children were found to be associated with a reduction in WC when compared with usual health programs (WMD: −0.97; 95% CI: −1.95 to −0.00; *P* = .050; Fig. [4](#F4){ref-type="fig"}). Substantial heterogeneity was detected across the included trials (*I*^2^ = 88.6%; *P* \< .001). Heterogeneity between subgroups was statistically significant for mean age (Table [2](#T2){ref-type="table"}). Subgroup analysis indicated that educational interventions significantly reduced the level of WC (WMD: −1.11; 95% CI: −1.53 to −0.68; *P* \< .001) when the duration of follow-up was ≤12 months (Table [2](#T2){ref-type="table"}).

![Effect of educational interventions on waist circumference (WC).](medi-97-e11849-g006){#F4}

3.6. Triceps skinfold and waist-to-hip ratio
--------------------------------------------

The number of trials containing data about the effects of educational interventions on the levels of triceps skinfold and WTHR were 7 and 3, respectively. The summary WMD indicated that children who received educational interventions had a lower triceps skinfold (WMD: −1.39; 95% CI: −2.41 to −0.37; *P* = .008; Fig. [5](#F5){ref-type="fig"}A), while there was no significant effect on WTHR (WMD: −0.01; 95% CI: −0.03 to 0.01; *P* = .522; Fig. [5](#F5){ref-type="fig"}B). Significant heterogeneity was observed in triceps skinfold (*I*^2^ = 99.8%; *P* \< .001) and WTHR (*I*^2^ = 97.3%; *P* \< .001). Further, heterogeneity between subgroups was statistically significant for mean age and duration of follow-up period for triceps skinfold (Table [2](#T2){ref-type="table"}). Stratified analysis indicated that educational interventions were associated with lower triceps skinfold if mean age was less than 8 years (WMD: −2.03; 95% CI: −3.30 to −0.75; *P* = .002) or duration of follow-up ≤12 months (WMD: −2.44; 95% CI: −3.69 to −1.20; *P* \< .001).

![Effect of educational interventions on triceps skinfold and waist-to-hip ratio (WTHR).](medi-97-e11849-g007){#F5}

3.7. Systolic blood pressure and diastolic blood pressure
---------------------------------------------------------

The number of trials containing data about the effects of educational interventions on DBP and SBP were 5 and 5, respectively. While educational interventions did not have a statistically significant effect on DBP (WMD: −0.81; 95% CI: −1.71 to 0.08; *P* = .074; Fig. [6](#F6){ref-type="fig"}), there was a significant impact on SBP (WMD: −1.13; 95% CI: −2.20 to −0.07; *P* = .037; Fig. [6](#F6){ref-type="fig"}). Substantial heterogeneity was detected across the included trials for both DBP (*I*^2^ = 88.0%; *P* \< .001) and SBP (*I*^2^ = 88.0%; *P* \< .001). Heterogeneity between subgroups was statistically significant for mean age and duration of follow-up period for both DBP and SBP (Table [2](#T2){ref-type="table"}). Subgroup analysis indicated that educational interventions were associated with lower DBP if the mean age was less than 8 years (WMD: −2.00; 95% CI: −3.34 to −0.66; *P* = .004). Finally, SBP was significantly lower if children received educational interventions when the mean age was less than 8 years (WMD: −2.00; 95% CI: −3.55 to −0.45; *P* = .012) or the duration of follow-up was equal to 12 or less months (WMD: −1.82; 95% CI: −3.21 to −0.44; *P* = .010).

![Effect of educational interventions on SBP and DBP. DBP = diastolic blood pressure, SBP = systolic blood pressure.](medi-97-e11849-g008){#F6}

3.8. Low-density lipoprotein and high-density lipoprotein
---------------------------------------------------------

The number of trials containing data about the effects of educational interventions on HDL and LDL were 6 and 2, respectively. There were no significant differences between educational interventions and usual health programs for HDL (WMD: 0.69; 95% CI: −1.23 to 2.60; *P* = .481; substantial heterogeneity; Fig. [7](#F7){ref-type="fig"}) and LDL (WMD: −2.89; 95% CI: −9.70 to 3.92; *P* = .406; substantial heterogeneity; Fig. [7](#F7){ref-type="fig"}). Further, heterogeneity between subgroups was statistically significant for mean age and duration of follow-up periods for HDL (Table [2](#T2){ref-type="table"}). The findings of HDL were similar to that of the overall analysis (Table [2](#T2){ref-type="table"}).

![Effect of educational interventions on LDL and HDL. HDL = high-density lipoprotein, LDL = low-density lipoprotein.](medi-97-e11849-g009){#F7}

3.9. Total cholesterol and triglyceride
---------------------------------------

The number of trials containing data about the effects of educational interventions on TC and TG were 6 and 3, respectively. We noted that children who received educational interventions had lower levels of TC (WMD: −4.04; 95% CI: −7.18 to −0.90; *P* = .012; substantial heterogeneity; Fig. [8](#F8){ref-type="fig"}) and TG (WMD: −2.62; 95% CI: −4.33 to −0.90; *P* = .003; moderate heterogeneity; Fig. [8](#F8){ref-type="fig"}) compared with usual health programs. Further, heterogeneity between subgroups was statistically significant for mean age and duration of follow-up periods for TC (Table [2](#T2){ref-type="table"}). Stratified analysis indicated that educational interventions were associated with lower TC levels when the mean age of children was less than 8 years (WMD: −5.80; 95% CI: −5.90 to −5.61; *P* \< .001; Table [2](#T2){ref-type="table"}).

![Effect of educational interventions on TC and TG. TC = total cholesterol, TG = triglyceride.](medi-97-e11849-g010){#F8}

3.10. Publication bias
----------------------

The Egger and Begg test results indicated no evidence of publication bias for BMI, BMI z-score, WC, triceps skinfold, WTHR, SBP, HDL, TC, and TG. Although the Begg test indicated no evidence of publication bias for DBP (*P* = .707) and SBP (*P* = 1.000), the Egger test provided potential evidence of publication bias for DBP (*P* = .036), and SBP (*P* = .020) (Supplemental 3). The conclusions did not change after adjustment for publication bias by using the trim and fill method.^\[[@R58]\]^

4. Discussion
=============

Our study was based on RCTs and explored any potential impact of educational interventions on the levels of BMI, BMI z-score, WC, triceps skinfold, WTHR, SBP, DBP, LDL, HDL, TC, and TG. This large-scale quantitative study combined and re-analyzed the data for 35,296 children from 30 trials. The study findings indicated that children who received educational interventions had lower levels of BMI, BMI z-score, WC, triceps skinfold, SBP, TC, and TG, while no significant effects of educational interventions on WTHR, DBP, HDL, and LDL. Further, the findings of subgroup analyses indicated that intervention effects are differ according to mean age and the duration of follow-up in several indexes.

A previous meta-analysis based on 24 articles indicated a significant positive effects on anthropometry and consumption of fruits and vegetables.^\[[@R59]\]^ Further, Waters et al founded a strong correlation between preventive programs and the incidence of child obesity, particularly in children aged between 6 and 12 years.^\[[@R60]\]^ Lavelle et al indicated that school-based interventions involving a physical activity may be effective in reducing BMI in children less than 18 years.^\[[@R61]\]^ Ho et al studied participants who were overweight/obese and ≤18 years to evaluate the effect of treating being overweight/obesity, and found that lifestyle interventions could improve weight and cardio-metabolic outcomes.^\[[@R62]\]^ Vasques et al studied the relationship between intervention effects and age, and found that this relationship was stronger in older children.^\[[@R63]\]^ The inherent limitation of these previous studies is that several of them focused on the effect of educational interventions in treating overweight/obese children, while the preventive effect was not illustrated. Further, several important variables that were influential for health data were not reported by these studies. In addition, these studies also did not take into account mean age of children and duration of follow-up, which are important factors influencing intervention effect. Due to the above reasons, we performed a comprehensive meta-analysis of RCTs to assess the preventive effect of educational interventions in children less than 12 years.

There were significant differences between educational interventions and usual health programs in the effects on anthropometry. However, two trials reported contradictory results.^\[[@R40],[@R42]\]^ These two studies indicated that there was no significant difference between intervention and control for being overweight and obesity, and that children who received intervention had higher BMI. This could be because the children with normal weight and underweight children who received educational interventions indicated an improvement in motor abilities, whereas overweight and obese children indicated no significant differences in motor abilities. The percentage of being overweight/obesity at baseline could have biased the intervention effects. Further, gender might play another important role with respect to the intervention effect.

In addition, educational interventions were associated with significant impacts on several cardio-metabolic indexes. Energy intake and sedentariness were associated with higher BMI in childhood, and a school-based educational program aimed at reducing the consumption of carbonated drinks was found to be effective. The children who switched carbonated drinks to water or fruit juice had lower BMI, which plays an important role with respect to cardio-metabolic markers. Furthermore, these changes could be attributed to not only dietary but also exercise changes, although the changes in several indexes were not statistically significant. The duration of follow-up might be another factor affecting the intervention effect, and significant differences were found for most dietary variables.

Subgroup analyses suggested that mean age and duration of follow-up might play important roles with respect to the levels of anthropometry and cardio-metabolic indexes. This could be because children at different age stages have different dietary modes and levels of physical activity. A previous study has illustrated that age was an important confounder on intervention effects.^\[[@R63]\]^ Further, education in children under 8-years old was mainly focused on family based intervention, while the intervention in children greater than 8-years old was school-based. These factors could affect the treatment effects of educational interventions. In addition, the duration of intervention and follow-up were correlated with executive function in children. Finally, parental education should be provided to improve children\'s lifestyles at home.

Compared with previous meta-analyses, our study has several strengths: only RCTs were included, which eliminates bias when compared with observational studies; the large sample size allowed us to quantitatively evaluate the effect of educational interventions in children less than 12 years; and subgroup analyses were conducted based on mean age and duration of follow-up to evaluate the intervention effect in specific subsets.

Our study had some limitations. First, subgroup analyses by gender were available only in few studies, which restricted the precise assessment of the effect of educational interventions depending on gender. Second, in the planning stages, subgroup analyses according to geographic region should be conducted, while nearly all of studies were conducted in Western countries and the region of these studies varies from multicountries. Therefore, the treatment effects of educational interventions might affect by lifestyle among included studies. Third, differences in intervention modes and education programs may have caused uncontrolled biases. Fourth, publication bias is an inevitable problem due to substantial heterogeneity across included trials and the analyses based on published studies. Fifth, the analysis used pooled data, which restricted us from performing a more detailed relevant analysis and obtaining more comprehensive results. Sixth, substantial heterogeneity for investigated outcomes and subgroup analyses were observed, which might affect the accuracy of pooled results. Finally, differences in educational interventions styles might have affected the treatment effects.

The study results suggest that the educational interventions received by children less than 12 years received were significantly associated with the levels of BMI, BMI z-score, WC, triceps skinfold, SBP, TC, and TG. Therefore, educational interventions based on individual, family, school, or community should be provided to improve living habits in children. Future trials should focus on specific age stages and report the intervention effects in boys and girls separately. Gender difference should be taken into account while evaluating intervention effects by future studies.
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